abstract BACKGROUND AND OBJECTIVES: Stabilization of preterm infants after birth frequently requires oxygen supplementation. At present the optimal initial oxygen inspiratory fraction (FiO 2 ) for preterm stabilization after birth is still under debate. We aimed to compare neurodevelopmental outcomes of extremely preterm infants at 24 months corrected age randomly assigned to be stabilized after birth with an initial FiO 2 of 0.3 versus 0.6 to 0.65 in 3 academic centers from Spain and the Netherlands.
The 2015 International Liaison Committee on Resuscitation (ILCOR) neonatal resuscitation guidelines strongly recommend that preterm infants <35 weeks' gestation should be stabilized at birth with a lower (0.21-0.3) and not higher (>0.65) initial oxygen inspiratory fraction (Fio2). 1 Arterial partial pressure of oxygen increases twofold during fetal to neonatal transition, causing oxidative stress. However, antioxidant defenses are not fully functional until the end of the third trimester, 2 and therefore free radical-associated conditions are more likely in very preterm infants. 3 The use of high oxygen load during resuscitation has been associated with increased and prolonged oxidative stress, bronchopulmonary dysplasia (BPD), and prolonged need for oxygen or mechanical ventilation. 4 -8 Newborn infants achieve arterial pulse oxygen saturation (Spo 2 ) around 90% at ∼5 minutes after birth. 9 In 2010, Dawson et al 10 published a Spo 2 nomogram with preductal values collected in the first 10 minutes after birth from healthy newborn infants' who did not need resuscitation. This database was comprised of 66% term infants and 34% preterm infants, with only 16% <32 weeks' gestation. 10 Of note, preterm infants needed significantly more time to achieve a Spo 2 plateau than term infants. 10 In 2010, the American Heart Association recommended Spo 2 targets between 60% to 65% at 1 minute, 65% to 70% at 2 minutes, 70% to 75% at 3 minutes, 75% to 80% at 4 minutes, 80% to 85% at 5 minutes, and 85% to 95% at 10 minutes. 11 However, these targets were not achieved by a substantial number of preterm infants that were at risk for unnecessary oxygen supplementation. 10 In a recent systematic review and metaanalysis, Saugstad et al 12 compared stabilization of 677 newborn infants ≤32 weeks' gestation resuscitated/ stabilized with an initial lower (0.21-0.3) versus higher (0.6-1.0) FiO 2 . No differences in the incidence of BPD or intraventricular hemorrhage (IVH) was assessed, but reduced mortality in the lower oxygen group approached significance. 12 No longterm neurocognitive and sensorial follow-up was performed in any of these studies.
We aimed to evaluate neurocognitive and sensorial outcomes of 2 populations of preterm infants randomly assigned to be blindly stabilized with higher (0.60-0.65) or lower (0.30) initial FiO 2 s in 3 academic centers in Europe at 24 months after birth.
METHODS

Study Design
Eligible patients were preterm infants <32 weeks' gestation recruited in 2 randomized, controlled, and double-blinded studies 13, 14 performed in 2 academic centers in Spain (University and Polytechnic Hospital La Fe and Hospital Sant Joan de Deu), and 1 academic center in the Netherlands (Sophia Children's Hospital, Erasmus Medical Center). Patients were recruited immediately after birth from January 2008 to December 2012. The primary outcome was survival without neurodevelopmental impairment at a corrected age of 2 years. The Spanish study 13 included preterm infants of ≤30 weeks' gestation randomly assigned to resuscitation with an initial FiO 2 of 0.3 (Lowox group) versus 0.6 (Hiox group). The Dutch study 14 included infants <32 weeks' gestation randomly assigned to be resuscitated with an initial FiO 2 of 0.3 (Lowox group) verus 0.65 (Hiox group).
Power calculation required 30 infants per group in the Spanish trial and 90 per group in the Dutch study to find a statistically significant reduction with an α value of 0.05 and a power of 0.80. 13, 14 The Spanish study 13 
Population
Inclusion criteria included inborn preterm infants <30 weeks' gestation in the Spanish study 13 and <32 weeks gestation in the Dutch study 14 needing oxygen supplementation for postnatal stabilization and completing follow-up at 24 months corrected age in the participating hospitals. Exclusion criteria included major congenital malformations or chromosome defects identified before or immediately after birth, or loss to/incomplete follow-up.
Methods
Postnatal stabilization was performed according to the ILCOR 2010 guidelines. Initial FiO 2 in both studies was titrated to keep heart rate and Spo 2 within the ranges reflected in the recommendations of the American Heart Association. 11 Resuscitation parameters (FiO 2 , respiratory rate, positive pressure, end expiratory pressure, Spo 2 , heart rate) were continuously monitored and stored, and biomarkers of oxidative stress were determined in blood and urine at the Research Laboratory of the University and Polytechnic Hospital La Fe and Department of Pediatrics, Obstetrics and Reproductive Medicine (University of Siena, Siena, Italy). 13, 14 Different domains of development were recorded at 24 months corrected age according to standardized protocols as follows: 17 Scales were standardized to a mean (SD) score of 100 points.
Outcomes
Children in each group were compared for cognition, language, and motor function according to the Bayley-III scales 18 as follows: "normal" if the composite score of the respective function scale was greater than or equal to mean -1 SD; "mildly impaired" if the respective score was less than the mean -1 SD and greater than or equal to the mean -2 SD; "moderately impaired" if the score was less than the mean -2 SD and greater than or equal to the mean -3 SD; and "severely impaired" if the score was less than mean -3 SD.
Cerebral palsy (CP) was defined as a nonprogressive central nervous system disorder characterized by abnormal muscle tone in at least 1 extremity and abnormal control of movement and posture that interfered with or prevented ageappropriate motor activity. CP was classified according to the Gross Motor Function Classification System (GMFCS). 19 The 5 levels of function were: (I) Walks without restrictions; limitations in more advanced gross motor skills; (II) Walks without assistive devices; limitations walking outdoors and in the community; (III) Walks with assistive mobility devices; limitations walking outdoors and in the community; (IV) Self-mobility with limitations; children are transported or use power mobility outdoors and in the community; and (V) Self-mobility is severely limited even with the use of assistive technology.
For sensorial assessment, we included children with severe sensorial impairment. Thus, blindness was defined as the absence of response to fixate or follow a light. 20 Severe hearing loss was defined as permanent hearing loss with no response to amplification. 21 Finally, summarized outcome was classified as: no disability, mild disability (defined as scores between -1 and -2 SD from the mean in any of the Bayley III scales or mild CP [I and II]), moderate disability (scores between -2 and -3 SD from the mean in any of the Bayley III scales, moderate CP [III]), and severe disability (scores less than the mean -3 SD in any of the Bayley III scales, severe CP [IV and V] or bilateral blindness or deafness).
Statistical Analysis
Data were summarized by using mean (SD) and median (first and third quartile) in the case of continuous variables and with relative and absolute frequencies in the case of categorical variables. The association of FiO 2 with the different items (cognition, language, and motor function) of the Bayley III scales was assessed by using linear regression models to adjust for gestational age and gender. Differences in disability grades were assessed between both groups by using ordinal regression models. Logistic regression was used to assess differences in blindness and deafness risk. P values < .05 were considered statistically significant. All statistical analyses were performed by using R Statistical Software, version 3.2.3 (Western Ecology Division, Corvallis, OR). Figure 1 shows the flow diagram of the patients who were initially included in the study and randomized to lower (Lowox group) or higher (Hiox group) initial FiO 2 . In addition, Fig 1 shows patients who died before and after discharge from the hospital. The mortality rate at 24 months corrected age was 8.27% for the Lowox group and 14.04% for the Hiox group. Figure 1 also shows the number of infants lost to follow-up and those who were finally assessed in the Lowox and in the Hiox groups. With respect to gestational age, 55 patients were ≤28 weeks' gestation and 54 patients were >29 weeks' gestation in the Lowox group; 47 patients were ≤28 weeks' gestation and 52 patients were >29 weeks' gestation in the Hiox group. Table 1 shows the clinical and obstetric baseline characteristics of participating individuals. Table 1 also shows the major complications during hospital stay and mortality at 24 months corrected age. No differences in the incidence of BPD, patent ductus arteriosus, retinopathy of prematurity (ROP), intra-periventricular hemorrhage, or mortality before hospital discharge were detected between both groups. Only 1 infant from the Spanish study 13 died after hospital discharge. Of the survivors, 15 infants in the Lowox group and 5 infants in the Hiox group were lost to follow-up. Table 2 shows the baseline characteristics at follow-up. The median corrected age and children's growth charts were similar in both groups. Table 4 . Figure 2 , in addition, shows the composite scores' differences for mean Bayley-III composites (cognitive, motor, and language). Table 5 shows the incidence of cerebral palsy (CP) for both groups (Lowox and Hiox). CP was present in 4 patients (3.7%) in the Lowox group, all of whom were classified as mild by using the GMFCS. Hence, 3 patients pertained to group 1 (7.4%), and 1 patient to group 2 (2.6%). In the Hiox group, 4 patients (4.1%) were diagnosed with CP and classified each one for every group. As shown in Table 5 , neurosensorial evaluation revealed that 1 patient in the Hiox group was impaired with blindness (1%) and 1 patient in the Lowox group was impaired with deafness (1%).
RESULTS
Cerebral Palsy and Sensory Disabilities
Overall Rate of Disabilities
The overall rate of disabilities ( Table 6) by guest on November 16, 2016 Downloaded from this question. 30 In addition, the Canadian Neonatal Network, in a retrospective cohort study, compared major outcomes of infants ≤27 weeks' gestation before and after 2006 when the policy regarding the initial FiO 2 for preterm infants in the delivery room was changed from 100% to <100% oxygen. 31 Adjusted OR for the primary outcome of severe neurologic injury or death was higher in the lower oxygen group and in those resuscitated with air when compared with 100% oxygen. Although no data about oxygen exposure for each individual infant were available, the investigators cautioned against a policy of initial stabilization of very preterm infants with lower oxygen that could imply a higher risk of severe neurologic injury or death compared with starting with 100% oxygen. 31 Our study has evaluated for the first time neurodevelopmental and sensorial outcome of very preterm infants resuscitated with lower versus higher oxygen at 24 months corrected age. Infants in the Lowox group (initial FiO 2 , 0.3) received significantly less oxygen in the first few minutes of life compared with those in the HiOx group (initial FiO 2 , 0.6 to 0.65). As shown by Rook et al, 14 differences in FiO 2 were significant for the first 6 minutes after birth. However, we have found no statistical differences for survival and/or major morbidities in the neonatal period independent of the initial FiO 2 . Thus, mortality was 8.27% for the lower oxygen and 14.04% for the higher oxygen group. We also did not find differences in mortality when comparing our rates with those described by Oei et al 30 for infants receiving air or pure oxygen.
In spite of the differences in oxygenation during the first minutes after birth, follow-up evaluation at 24 months corrected age did not show significant differences in Bayley-III scores in 88.6% of 6
FIGURE 2
Bayley-III composite scores at 24 months corrected age in premature infants who were initially stabilized with an by guest on November 16, 2016 Downloaded from patients in the Lowox and in 95.0% of patients in the Hiox group. At follow-up, 73.6% of patients were nondisabled (75.3% in the Lowox group and 71.8% in Hiox group). Disabilities detected were mild in both groups (15%-20%) and the combined prevalence of moderate and severe disabilities was 9% in the Lowox group and 9.4% in the Hiox group, which is comparable to similar published studies. 32 -38 The rate of CP (3.8%) was not different between groups. Of note, subgroup analysis of infants according to gestational age did not find significant differences between groups in mortality, as opposed to Oei et al, 30 or in sensorial or neurocognitive impairment.
Although the strengths of this study rely on the inclusion of randomized and blinded enrollment and multidisciplinary monitoring of patients with a relevant follow-up rate (total follow-up rate, 81.9%), there are some limitations that should be underscored.
Our patients were resuscitated with an initial FiO 2 of 0.3 versus 0.6-0.65. This difference in oxygen load didn't cause significant differences in mortality, biochemical results, 13, 14 short-and long-term outcomes ( Table 1), and neurocognitive and  sensorial assessment ( Tables 2, 3 , 4, 5, and 6). However, long-term results in preterm infants initially resuscitated with an FiO 2 of 1.0 have not yet been performed. The use of pure oxygen provides a substantially greater total oxygen load at the end of resuscitation, which has been associated with increased levels of oxidative stress biomarkers, more prolonged use of oxygen, and/or BPD. 7, 13, 14, 39, 40 Another limitation relates to the fact that 20% to 30% of patients did not come to the clinic to perform follow-up assessment or were not able to complete it. It has been shown that fidelity to appointments for follow-up greatly correlates with socioeconomic inequalities. 41 A considerable number of infants were from immigrant families with low socioeconomic and educational status and frequent changes of residence. These factors may explain losses to follow-up.
To our knowledge, this is the first study that has compared neurocognitive and sensorial outcomes at 2 years corrected age in preterm infants stabilized with higher or lower initial FiO 2 . Both studies were randomized, controlled, and blinded trials, thus achieving a high grading of evidence. In addition, long-term follow-up of these patients, including academic, behavioral, and psychological assessment, is ongoing at all of the participating centers. We conclude that there are no differences in neurocognitive and sensorial outcomes at 24 months corrected age in preterm infants resuscitated with an initial FiO 2 of 0.3 versus 0.6 to 0.65. Powered RCTs with saturation targets at specific time points for extremely preterm infants are required to assess if there are differences in mortality and/or long-term outcomes. 
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